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ABSTRACT 
DETERMINATION OF INVESTMENT COST FUNCTIONS 
OF WATER TREATMENT PLANTS 
Functions representing the relationship between the capacity of a water 
treatment plant and its investment cost are found in studies by Orlab 
and Lindorf, by Koening, and by Ackermann, These functions were based 
on samples of plants constructed in the long period of 1930's - early 
1960's. To update the above studies, this study determines similar 
investment cost functions for the surface-water and ground-water plants, 
using samples of plants mostly constructed in the short period of 1968-1971. 
Further, it determines similar cost functions for major components of each 
type of plant that have not been available in the past studies. A 
significant difference exists between the result of this study and the 
results of the past studies on the surface-water plant. The cost functions 
of the past studies indicate economies of scale in investment cost, whereas 
the function of this study indicates small but positive diseconomies of scale. 
Hinomoto, Hirohfde 
DETERMINATION OF INVESTMENT COST FUNCTIONS OF WATER TREATMENT PLANTS 
,Final Report to Office of Water Resources Research, Department of the 
Interior, May 1974, Washington, D, C, 33 pp, 
KEYWORDS--cost functions/ water treatment plant/ investment cost/ surface- 
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Many f a c t o r s  a r e  r e s p o n s i b l e  f o r  v a r i a t i o n  i n  t h e  i n v e s t m e n t  
c o s t s  of  p l a n t s ,  e v e n  of  t h e  same t y p e  and  c a p a c i t y .  Some of  them 
a r e  r e l a t i v e l y  common f a c t o r s .  F o r  example ,  p l a n t s  c o n s t r u c t e d  i n  t h e  
same p e r i o d  and  r e g i o n  would be s u b j e c t  t o  more o r  l e s s  i d e n t i c a l  l a b o r  
and  m a t e r i a l  c o s t s .  A d j u s t i n g  t h e  c o n s t r u c t i o n  c o s t  o f  a  p l a n t  t o  some 
b a s e  y e a r  w i t h i n  a  g i v e n  r e g i o n  is  p o s s i b l e  by a  p r o p e r  i n d e x  s u c h  a s  
t h e  Handy-Whitman 1ndex  of  Water  U t i l i t y  C o n s t r u c t i o n  C o s t s .  On t h e  
o t h e r  hand ,  t h e r e  a r e  f a c t o r s  t h a t  a r e  un ique  t o  e a c h  p l a n t .  F o r  example ,  
t h e  e a r t h  s t r u c t u r e  and  s o i l  c o n d i t i o n  o f  a  p l a n t  s i t e  i n f l u e n c e  t h e  
c o s t s  o f  e a r t h  c l e a r a n c e  and  e x c a v a t i o n ;  c h a r a c t e r i s t i c s  o f  w a t e r  
d e t e t m i n e  t h e  t y p e s  and  d e g r e e s  of  t r e a t m e n t ,  a f f e c t i n g  t h e  i n v e s t m e n t  
c o s t s  of  i n d i v i d u a l  components  o f  t h e  p l a n t ;  and  c o n t r a c t u a l ,  
a d m i n i s t r a t i v e  and  o t h e r  c o n d i t i o n s  d e t e r m i n e  t h e  ove rhead  c o s t  o f  
t h e  c o n s t r u c t i o n  p r o j e c t  . F i n a l l y ,  t e c h n o l o g i c a l  change  i n  t h e  
method o f  c o n s t r u c t i o n  o r  t h e  d e s i g n  of  a  p l a n t  component  would a f f e c t  
t h e  c o s t  o f  c o n s t r u c t i o n  o r  t h e  p r i c e  o f  t h e  component .  
G e n e r a l l y ,  t e c h n o l o g i c a l  improvement i n  c o n s t r u c t i o n  method t e n d 8  
t o  l ower  t h e  c o n s t r u c t i o n  c o s t ,  whe reas  i t  i n  t h e  d e s i g n  o f  a  p l a n t  
component may have  a n  upward o r  downward change  i n  t h e  p r i c e  o f  t h e  
component .  The component may become c h e a p e r  because  of a n  improved 
method t o  m a n u f a c t u r e  i t ,  o r  i t  may become more e x p e n s i v e  because  o f  
i n c r e a s e d  c o m p l e x i t y  i n  i t s  d e s i g n .  However, t h e  d e t e r m i n a t i o n  of  
t e c h n o l o g i c a l  improvement i n  a  s p e c i f i c  component is n o t  s i m p l e ,  s i n c e  
p l a n t s  c o n s t r u c t e d  i n  t h e  same y e a r  may i n c o r p o r a t e  d i f f e r e n t  t y p e s  o f  
t e c h n o l o g i c a l  improvements  i n  d i f f e r e n t  d e g r e e s .  I n  o r d e r  t o  minimize  
t h e  v a r i a b i l i t y  o f  i n v e s t m e n t  c o s t  due t o  s u c h  improvements ,  i t  i s  
n e c e s s a r y  t o  a n a l y z e  a  sample of p l a n t s  t h a t  have been  c o n s t r u c t e d  
o v e r  a  s h o r t  s p a n  of  t i m e .  
Under i n c r e a s i n g  demands f o r  w a t e r ,  a  w a t e r  t r e a t m e n t  p l a n t  l i k e  
many o t h e r  c a p i t a l  f a c i l i t i e s  is u s u a l l y  c o n s t r u c t e d  w i t h  a  c a p a c i t y  
t h a t  w i l l  s a t i s f y  t h e  r e q u i r e m e n t s  o v e r  some y e a r s  t o  come, i n s t e a d  of  
a  c a p a c i t y  t h a t  s a t i s f i e s  immediate r e q u i r e m e n t s .  The main r e a s o n  f o r  
t h i s  l i e s  i n  economies of s c a l e  a v a i l a b l e  w i t h  a  l a r g e  p l a n t  t h a t  may 
be a c h i e v e d  i n  i n v e s t m e n t  c o s t  o r  o p e r a t i n g  c o s t .  To r e f l e c t  p o s s i b l e  
s c a l e  e f f e c t s ,  t h e  i n v e s t m e n t  c o s t  o f  a n  i n d u s t r i a l  f a c i l i t y  is  o f t e n  
r e p r e s e n t e d  by a  power f u n c t i o n  o f  c a p a c i t y  o f  t h e  f o l l o w i n g :  
form,  f i r s t  proposed  by Chenery (1952):  
C  = a K  B (1)  
where C  i s  t h e  i n v e s t m e n t  c o s t ,  K is t h e  d e s i g n  c a p a c i t y ,  and and B 
a r e  p o s i t i v e  p a r a m e t e r s  de t e rmined  by obse rved  d a t a .  I n  t h e  c a s e  o f  a  
w a t e r  t r e a t m e n t  p l a n t ,  C is  i n  $ and K i s  u s u a l l y  i n  m i l l i o n  g a l l o n  
p e r  day  (MGD) . What do  pa rame te r s  a and B r e p r e s e n t ?  I n  Eq.  ( I ) ,  
i f  we l e t  K e q u a l  1 MGD, C  e q u a l s  a.  T h a t  means,  p a r a m e t e r  a i s  e q u a l  
t o  t h e  i n v e s t m e n t  c o s t  of  a  p l a n t  w i t h  a  c a p a c i t y  o f  1 MGD. On t h e  o t h e r  
hand,  pa rame te r  B d e t e r m i n e s  t h e  manner i n  which  i n v e s t m e n t  c o s t  changes  
w i t h  c a p a c i t y .  S i n c e  pa rame te r  B is  a  c o n s t a n t  exponen t  o f  K, t h e  
i n v e s t m e n t  c o s t  i n c r e a s e s  w i t h  c a p a c i t y  a t  a n  i n c r e a s i n g  o r  d e c r e a s i n g  
r a t e  depend ing  on whe the r  B i s  b i g g e r  o r  s m a l l e r  t h a n  1. 
To d e t e r m i n e  p a r a m e t e r s  a and B,  f i r s t  b o t h  s i d e s  of  Eq .  (1) a r e  
changed t o  l o g a r i t h m i c  v a l u e s :  
l o g  C  = l o g  a + B l o g  K 
Changing  Eq .  (2 )  i n t o  a  s i m p l e r  form,  we g e t  
Y = A + B X  
where 
Y = l o g  C 
A  = l o g  CY 
B = P  
X = l o g  K. 
F i n a l l y  p e r f o r m i n g  r e g r e s s i o n  a n a l y s i s  of  Y on X i n  Eq. ( 3 ) ,  l e a s t  
s q u a r e  e s t i m a t e s  of  A  and  B  a r e  o b t a i n e d .  From A  and By we may d e t e r m i n e  
p a r a m e t e r s  m and  a s  f o l l o w s :  
- 1 C Y = l o g  A  
B = B  
S u r v e y  of P a s t  S t u d i e s  
I n  t h e  p a s t ,  a  few s t u d i e s  a t t e m p t e d  t o  e s t a b l i s h  t h e  r e l a t i o n s h i p  
between c a p a c i t y  and  c o n s t r u c t i o n  c o s t  o f  a  w a t e r  t r e a t m e n t  p l a n t .  A l l  
t h e s e  s t u d i e s  u sed  t h e  f u n c t i o n a l  e x p r e s s i o n  i n  Eq.  ( 1 ) .  E a r l i e r ,  O r l o b  
and  L i n d o r f  (1958) o b t a i n e d  a  c o s t  f u n c t i o n  d e r i v e d  from c o s t  d a t a  on 
C a l i f o r n i a  p l a n t s :  
0 .67  C = 257 K~ ( t h o u s a n d  $) (5) 
where C r e p r e s e n t s  t h e  1956 p r i c e  l e v e l  and  K t h e  c a p a c i t y  o f  s u r f a c e -  
s 
w a t e r  t r e a t m e n t  i n  MGD. I n  d e t e r m i n i n g  t h i s  f u n c t i o n ,  t h e y  used  d a t a  on 
p l a n t s  p r o v i d i n g  comple t e  t r e a t m e n t  i n c l u d i n g  a t  l e a s t  f l o c c u l a t i o n ,  
s e d i m e n t a t i o n ,  r a p i d  s a n d  f i l t r a t i o n ,  and  c h l o r i n a t i o n .  A l though  t h e y  
f a i l e d  t o  r e p o r t  t h e  number of  t h e  p l a n t s  i n c l u d e d ,  t h e i r  d i ag ram i n d i -  
c a t e d  some 1 5  p l a n t s .  
Koenig  (1967) r e p o r t e d  t h e  c o l l e c t i o n  o f  d a t a  on some 3 0  s u r f a c e -  
w a t e r  t r e a t m e n t  p l a n t s  i n  u n s p e c i f i e d  l o c a t i o n s .  U s i n g  d a t a  on 2 1  of  
t h e s e  p l a n t s  he o b t a i n e d  t h e  f o l l o w i n g  i n v e s t m e n t  c o s t  f u n c t i o n  based  
on t h e  1964 p r i c e  l e v e l :  
( t h o u s a n d  $) (6)  
Ackermann (1968) r e p o r t e d  a  s t u d y  d e t e r m i n i n g  a n  i n v e s t m e n t  c o s t  
f u n c t i o n  f o r  t h e  s u r f a c e - w a t e r  t r e a t m e n t  p l a n t ,  u s i n g  d a t a  on 42  p l a n t s  
composed o f  p l a n t s  r e p o r t e d  by Keonig  (1968) and u n s p e c i f i e d  o t h e r  
a r t i c l e s  i n  J o u r n a l  o f  Amer ican  Water  Works A s s o c i a t i o n .  U s i n g  t h e  1964 
p r i c e  l e v e l  and  t h e  Handy-Whitman U t i l i t i e s  I n d e x  f o r  a d j u s t i n g  l o c a t i o n  
d i f f e r e n c e s ,  he  r e p o r t e d  t h e  f o l l o w i n g  f u n c t i o n :  
0 . 6 5  C = 267.0 Ks ( t h o u s a n d  $) ( 7 )  
I n  t h e  same s t u d y ,  Ackermann produced  a n  i n v e s t m e n t  c o s t  f u n c t i o n  f o r  
t h e  g r o u n d - w a t e r  t r e a t m e n t  p l a n t  ba sed  on d a t a  r e l a t e d  t o  58 I l l i n o i s  
p l a n t s .  He a d j u s t e d  t h e  o r i g i n a l  d a t a  t o  1964 p r i c e  l e v e l s ,  i n c l u d e d  
i n  t h e s e  d a t a  i n d i r e c t  c o s t s  c o v e r i n g  e n g i n e e r i n g ,  l e g a l ,  a d m i n i s t r a -  
t i v e  , and o t h e r  ove rhead  i t e m s  i n c l u d i n g  i n t e r e s t  d u r i n g  c o n s t r u c t i o n ,  
and  o b t a i n e d  t h e  f o l l o w i n g  f u n c t i o n :  
( t h o u s a n d  $) (8)  
where K i s  t h e  c a p a c i t y  of ground w a t e r  t r e a t m e n t .  Rehm and P l a u t z  
S 
(1966) r e p o r t e d  a  s t u d y  i n  which they  p r e s e n t e d  g raphs  showing t h e  
r e l a t i o n s h i p s  between c a p a c i t y  and inves tment  c o s t  f o r  c l a r i f i c a t i o n  
and f i l t r a t i o n  u n i t s .  I n  t h i s  c a s e ,  t h e  c l a r i f i c a t i o n  u n i t  c o s t  
inc luded  t h e  c o s t  of a  l ime s o f t e n i n g  u n i t  where used .  The graph f o r  
t h e  c o n s t r u c t  ion  c o s t s  of c l a r i f i c a t i o n  u n i t s  i n d i c a t e d  a  r a t h e r  wide 
d i s p e r s i o n  of d a t a  p o i n t s  showing a  poor c o r r e l a t i o n ,  whereas t h e  g raph  
f o r  t h e  c o s t s  of f i l t r a t i o n  u n i t s  i n d i c a t e d  a  b e t t e r  c o r r e l a t i o n .  How- 
e v e r ,  t h e s e  g raphs  c o n t a i n e d  r e l a t i v e l y  s m a l l  numbers of d a t a  p o i n t s ,  
5 and 6 ,  and d i d  n o t  i n d i c a t e  r e g r e s s i o n  l i n e s  of t h e  d a t a  p o i n t s .  
Inves tment  Cost  Data and T h e i r  P o s s i b l e  Sources  
Perhaps  t h e  b e s t  a v a i l a b l e  form of inves tment  c o s t  in fo rmat ion  on 
a  w a t e r  t r e a t m e n t  p l a n t  is  t h e  l i s t  of c o s t  e s t i m a t e s  prepared by t h e  
d e s i g n  e n g i n e e r i n g  f i r m  f o r  i t s  c l i e n t  f o r  b idd ing  purpose .  Bu t ,  
because of t h e  absence of indus t ry -wide  s t a n d a r d s ,  d i f f e r e n t  f i r m s  pre-  . 
pare  t h e i r  c o s t  e s t ima  t e s  i n  d i f f e r e n t  fo rmats ,  a g g r e g a t e  c o s t  e lements  
i n  d i f f e r e n t  g r o u p s ,  o r  a l l o c a t e  a n  e lementa ry  c o s t  t o  d f f f e r e n t  i t e m s .  
For  example,  t h e  f i r s t  f i r m  might r e p o r t  t h e  t o t a l  c o s t  of p i p i n g  f o r  
t h e  p l a n t ,  t h e  second f i r m  might g i v e  p i p i n g  c o s t s  a s s i g n a b l e  t o  
i n d i v i d u a l  components, and t h e  t h i r d  f i r m  migh.t g i v e  t h e  t o t a l  c o s t s  of 
components t h a t  i n c l u d e  p ip ing  c o s t s .  Such v a r i a t i o n s  i n  c o s t i n g  
methods used by d i f f e r e n t  f i rms  make i t  n e c e s s a r y  t o  e d i t  t h e  o r i g i n a l  
c o s t  d a t a  i n t o  a  uniform format b e f o r e  computing c o s t  f u n c t i o n s .  In  
such e d i t i n g ,  i t  is  i n e v i t a b l e  t o  loose  accuracy  i n  o r i g i n a l  d a t a ,  
because s u b j e c t i v e  i n t e r p r e t a t i o n s  of t h e s e  d a t a  a r e  f r e q u e n t l y  c a l l e d  
f o r .  Another  problem is  t h a t  c o s t  i tems l i s t e d  i n  c o n t r a c t u a l  documents 
and t h o s e  l i s t e d  i n  t h e  a v a i l a b l e  c o s t  indexes  d i s c u s s e d  b e f o r e  a r e  
n o t  e x a c t l y  t h e  same. 
The known l o n g e v i t y  of a  w a t e r  t r e a t m e n t  p l a n t  makes i t  o f t e n  
p r a c t i c a l  e i t h e r  t o  i n c r e a s e  t h e  c a p a c i t y  of t h e  p l a n t  by a d d i t i o n a l  
equipment o r  t o  improve t h e  performance of t h e  p l a n t  by r e p l a c i n g  o b s o l e t e  
components w i t h  new ones .  But t h e  c o s t  e s t i m a t e  s h e e t  prepared by t h e  
e n g i n e e r i n g  f i r m  does n o t  u s u a l l y  d e s c r i b e  t h e  d e t a i l s  of e x i s t i n g  equ ip -  
ment o r  s t r u c t u r a l  components r e t a i n e d  i n  t h e  improvement p r o j e c t ,  
t h u s  making i t s  c o s t  d a t a  mos t ly  unusable  f o r  t h e  p r e s e n t  s t u d y .  Un- 
f o r t u n a t e l y ,  t h e r e  a r e  more p r o j e c t s  on a d d i t i o n s  o r  improvements t h a n  
p r o j e c t s  on new complete p l a n t s .  Sometimes, it  i s  economic t o  b u i l d  
a  new p l a n t  w i t h  components having l a r g e r  c a p a c i t i e s  than  t h e  i n i t i a l  
r equ i rements  when a  p l a n t  expansion i s  a n t i c i p a t e d  some y e a r s  l a t e r .  
The e x c e s s  c a p a c i t i e s  of o r i g i n a l  components a r e  n o t  always c l e a r l y  
i n d i c a t e d  i n  t h e  c o s t  e s t i m a t e  s h e e t .  
I n  c o l l e c t i n g  t h e  c o s t  d a t a  of p l a n t s  t h a t  have been c o n s t r u c t e d ,  
t h i s  i n v e s t i g a t o r  found t h e  fo l lowing  s o u r c e s  t o  be u s e f u l :  
1. The b e s t  s o u r c e  i s  c o n s u l t i n g  e n g i n e e r i n g  f i rms  t h a t  d e s i g n  
w a t e r  t r e a t m e n t  p l a n t s .  These f i rms  keep c o n t r a c t  documents c o n t a i n i n g  
a  d e t a i l e d  l i s t  of c o s t  e s t i m a t e s  of eve ry  p l a n t  they  have been commis- 
s ioned  t o  d e s i g n .  Although most of t h e s e  e s t i m a t e s  have been used f o r  
p u b l i c  b idd ing  and t h u s  once been p u b l i c  i n f o r m a t i o n ,  some f i rms  r e g a r d  
them a s  c o n f i d e n t i a l  d a t a  and a r e  r e l u c t a n t  t o  r e l e a s e  them t o  o u t s i d e r s .  
2 .  Reg iona l  o f f i c e s  of t h e  U.S. Housing and Urban Development 
Agency (HUD) and Economic Development Agency (EDA) sometimes f i n a n c e  
t h e  c o n s t r u c t i o n  of a  w a t e r  t r e a t m e n t  p l a n t ,  o f t e n  t h r o u g h  a n  a r r a n g e -  
rwn t  p r o v i d e d  by t h e  e n g i n e e r i n g  f i r m  d e s i g n i n g  t h e  p l a n t .  Each agency  
m a i n t a i n s  t h e  l i s t  of c o s t  e s t i m a ' t e s  and  t h e  s c h e d u l e  o f  payments t o  
c o n t r a c t o r s ,  s u b m i t t e d  by t h e  e n g i n e e r i n g  f i r m ,  a s  l o n g  a s  t h e  c o n s t r u c -  
t i o n  of  t h e  p l a n t  i s  i n  p r o g r e s s .  But  t h e s e  documents  w i l l  be packed 
and  s t o r e d  i n  a  warehouse  upon c o m p l e t i o n  of  t h e  c o n s t r u c t i o n ,  and  
t h e r e a f t e r  w i l l  n o t  be a v a i l a b l e  t o  o u t s i d e r s .  
3 .  The Depar tment  of  P u b l i c  Wate r  S u p p l i e s  of  e a c h  s t a t e ' s  EPA 
i s s u e s  a  p e r m i t  f o r  t h e  c o n s t r u c t i o n  of  e v e r y  w a t e r  t r e a t m e n t  p l a n t .  
S i n c e  i t s  i n t e r e s t  ha s  been i n  t h e  q u a l i t y  of  w a t e r  t r e a t m e n t  and  n o t  
i n  economic a s p e c t s  of  t h e  w a t e r  t r e a t m e n t  p l a n t ,  i t  d o e s  n o t  n e c e s s a r i l y  
c o l l e c t  c o s t  i n f o r m a t i o n  on t h e  p l a n t .  However, i t  i s  p o t e n t i a l l y  t h e  
b e s t  p l a c e  t o  a c c u m u l a t e  s u c h  informa t i o n .  
C o l l e c t i o n  and  A n a l y s i s  of  Data 
A ma jo r  p a r t  o f  c o s t  d a t a  i n  t h i s  s t u d y  were  o b t a i n e d  from 
e n g i n e e r i n g  f i r m s  i n  t h e  Midwest and  New Eng land .  I n  a d d i t i o n ,  d a t a  
on s e v e r a l  p l a n t s  were  o b t a i n e d  from t h e  R e g i o n a l  O f f i c e s  o f  t h e  U.S. 
Housing  and  Urban  Development  Agency and  Economic Development  A d m i n i s t r a t i o n  
i n  C h i c a g o .  Only  a b o u t  one h a l f  o f  t h e  c o l l e c t e d  d a t a  gave  more o r  
l e s s  c o m p l e t e  c o s t  i n f o r m a t i o n  on p l a n t  components  a n d  r e t a i n e d  f o r  
f u r t h e r  s c r e e n i n g .  Data were  d i s c a r d e d  f o r  v a r i o u s  r e a s o n s :  many of  
t h e  d i s c a r d e d  d a t a  r e p r e s e n t e d  p l a n t s  whose c a p a c i t i e s  were  c o n s i d e r e d  
t o o  s m a l l ,  l e s s  t h a n  0 .4  MGD f o r  a  s u r f a c e - w a t e r  t r e a t m e n t  p l a n t  o r  0 . 2  
MGD f o r  a  g round-wa te r  t r e a t m e n t  p l a n t ;  some o f  them were  on l i m i t e d  
p l a n t  improvements ;  and o t h e r s  were  summary c o s t  d a t a  w i t h o u t  d e t a i l e d  
c o s t  i tem. Because of e f f e c t s  of t e chno log i ca l  change and o t h e r  
dynamic f a c t o r s ,  t h e  c o m p a t i b i l i t y  of da t a  from d i f f e r e n t  yea r s  decreases  
a s  t h e  t ime s e p a r a t i n g  them becomes g r e a t e r .  To minimize t he  e f f e c t s  
of dynamic f a c t o r s ,  we r e t a i n e d  c o s t  da t a  on 31 r e l a t i v e l y  new p l a n t s ,  
composed of 19 sur face-wate r  p l a n t s  and 12 ground-water p l a n t s ,  f o r  
f u r t h e r  s c r een ing .  Nineteen of the  sur face-wate r  p l a n t s  and e leven  of 
t he  ground-water p l a n t s  were cons t ruc t ed  s i n c e  1968. A su r f ace -wa t e r  
p l a n t  b u i l t  i n  1965 and a  ground-water p l a n t  b u i l t  i n  1963 were t h e  
o l d e s t  i n  r e s p e c t i v e  g roups .  
The s e l e c t e d  c o s t  da t a  were a d j u s t e d  by t he  Handy-Whitman Index 
of Water U t i l i t y  Cons t ruc t ion  Cos t s  (1973) t o  1972 p r i c e  l e v e l s  of t he  
reg ions  where t h e  p l a n t s  were cons t ruc t ed .  The Index d i v i d e s  t h e  U.S.A. 
i n t o  s i x  reg ions  and provides  s e p a r a t e  r e g i o n a l  indexes based on 1949 
p r i c e  l e v e l s .  Because of t h e  u n a v a i l a b i l i t y  of i n t e r - r e g i o n a l  indexes 
i n  1949, t h e  p r i c e  l e v e l s  of d i f f e r e n t  r eg ions  i n  t h a t  yea r  were assumed 
t o  be ve ry  c l o s e  and t h e  a d j u s t e d  da t a  were used wi thout  f u r t h e r  
mod i f i c a t i ons .  
Tab les  1 ( a  and b) through 4  ( a  and b) l i s t  t h e  da t a  on the  19 
su r f ace -wa t e r  p l a n t s  and Tables  5  (a and b )  and 6  (a and b )  t he  da t a  
on t he  12 ground-water p l a n t s .  I n  t he se  t a b l e s ,  each p l a n t  i s  pro- 
v ided  w i th  i t s  l o c a t i o n ,  yea r  of c o n s t r u c t i o n ,  des ign  c a p a c i t y ,  and 
type of p r o j e c t  a s  t o  whether t h e  p r o j e c t  i s  f o r  a  new p l an t  o r  an  
improvement, i nc lud ing  an a d d i t i o n ,  of an e x i s t i n g  p l a n t .  Following 
t he  c l a s s i f i c a t i o n  used i n  t h e  Handy-Whitman Index,  t he  p l an t  l o c a t i o n  
i s  g iven  by "N.C.", "N.A.", o r  "S .A." depending on whether i t  is i n  
t h e  N o r t h  C e n t r a l  Reg ion ,  Nor th  A t l a n t i c  Reg ion ,  o r  S o u t h  A t l a n t i c  
Reg ion  o f  t h e  c o u n t r y .  I n  t h e  t a b l e s ,  c o s t  i t e m s  a r e  d i v i d e d  i n t o  
t h r e e  main groups--Summary T o t a l s ,  G e n e r a l  I t e m s ,  and  S p e c i f i c  I t e m s .  
I f  t h e  s i z e  of a  component i s  d i f f e r e n t  from t h e  p l a n t  d e s i g n  c a p a c i t y ,  
i t  i s  l i s t e d  w i t h  a  f i g u r e  i n  MGD. As a n  e x c e p t i o n  t o  t h i s ,  t h e  s i z e  
of c l e a r w e l l  s t o r a g e  i s  g i v e n  i n  m i l l i o n  g a l l o n s .  When t h e  s p e c i f i c  
c a p a c i t y  o f  a  component was u n a v a i l a b l e  i n  t h e  c o s t  e s t i m a t e  s h e e t  a s  
i n  most  c a s e s ,  i t  was assumed t o  be e q u a l  t o  t h e  p l a n t  d e s i g n  c a p a c i t y .  
Of t h e  summary t o t a l s  i n  t h e  t a b l e s ,  t h e  s i t e  p r e p a r a t i o n  and  o u t -  
s i d e  work i n c l u d e  t h e  e a r t h  e x c a v a t i o n  and c l e a r a n c e ,  o u t s i d e  work ,  and  
l a n d s c a p i n g  b u t  n o t  e x c a v a t i o n  made s p e c i f i c a l l y  f o r  b u i l d i n g  s t r u c t u r e s  . 
The b u i l d i n g  and s t r u c t u r e s  i n c l u d e  t h e  o f f i c e  and  p l a n t  b u i l d i n g s ,  
s t r u c t u r e s  f o r  p l a n t  f a c i l i t i e s ,  c h e m i c a l  s t o r a g e s  and  pumping s t a t i o n s  
p l u s  e a r t h  e x c a v a t i o n  n e c e s s a r y  f o r  t h e  b u i l d i n g s  and  s t r u c t u r e s .  The 
p i p i n g ,  v a l v e s ,  and  g a t e s  i n c l u d e  t h o s e  used  i n s i d e  a n d  o u t s i d e  t h e  
p l a n t  b u i l d i n g .  The equipment  i n c l u d e s  t h e  m e t e r i n g  and  i n s t r u m e n t a t i o n ,  
and p l a n t  t r e a t m e n t  and pumping equ ipmen t .  The u t i l i t y  work i n c l u d e s  
e l e c t r i c a l ,  h e a t i n g  and  p lumbing ,  a n d  v e n t i l a t i o n  work.  The c l e a r w e l l  
s t o r a g e  is  n o t  a lways  i n c l u d e d  i n  e v e r y  p l a n t  c o n s t r u c t i o n  p r o j e c t .  
I f  i t  i s  a  p a r t  o f  t h e  p r o j e c t ,  i t s  c o s t  i s  somet imes  i n c l u d e d  i n  t h e  
c o s t  of  a  f i l t r a t i o n  f a c i l i t y .  The raw w a t e r  i n t a k e  and  pumping s t a t i o n  
i n c l u d e  t h e  raw w a t e r  pumping s t a t i o n  c o v e r i n g  i t s  b u i l d i n g  and  equipment  
and  t h e  raw w a t e r  i n t a k e  and s c r e e n s .  The g e n e r a l  c o n d i t i o n s  c o v e r  
c o n t i n g e n c y  a l l o w a n c e s ,  a d m i n t s t r a t i v e  e x p e n s e ,  e n g i n e e r i n g  f e e s ,  
i n t e r e s t ,  c o s t  of m o b i l i z a t i o n ,  and  o t h e r  i n d i r e c t  i t e m s .  But t h e  
documents on c o s t  e s t i m a t e s  o f t e n  f a i l  t o  g i v e  i n f o r m a t i o n  on t h e s e  
c o n d i t i o n s .  O f  t h e  g e n e r a l  i t e m s ,  t h e  o f f i c e  and p l a n t  b u i l d i n g s  cover  
b u i l d i n g  s t r u c t u r e s ,  e a r t h  e x c a v a t i o n  made s p e c i f i c a l l y  f o r  t h e  
b u i l d i n g  s t r u c t u r e s  , l a b o r a t o r y  equipment,  and c a b i n e t s .  I tems under 
Genera l  I t ems  i n c l u d e  t h e  p l a n t  wide c o s t s  f o r  t h e  t y p e s  of work 
d e s c r i b e d ,  whereas i tems under S p e c i f i c  I t ems  cover  t h e  c o s t s  of s p e c i f i c  
components. Some i tems r e p r e s e n t  c o l l e c t i o n s  of components because  of 
t h e  u n a v a i l a b i l i t y  of f u r t h e r  d e t a i l s  i n  c o n t r a c t  documents. For  example, 
many of t h e  documents d e s c r i b e d  d i s i n f e c t i o n  equipment and f l o u r i n a t i o n  
equipment a s  one c o s t  i t em.  
The d a t a  l i s t e d  i n  Tab les  1 -6  went through f u r t h e r  s c r e e n i n g  be fore  
t h e i r  a n a l y s i s .  F i r s t ,  p l a n t  S10 w l t h  0.4-MGD c a p a c i t y  and p l a n t  S15 
w i t h  200-MGD c a p a c i t y  were d i s c a r d e d  from t h e  sample of  s u r f a c e - w a t e r  
p l a n t s ,  s o  t h a t  t h e i r  extreme c a p a c i t i e s  would n o t  g i v e  undue i n f l u e n c e s  
on t h e  a n a l y s i s .  Next ,  t h e  remaining d a t a  f o r  each i t e m  were p l o t t e d  
on a  g raph  s h e e t  and t h o s e  d a t a  p o i n t s  t h a t  were c l e a r l y  o u t s i d e  of 
normal s c a t t e r  were d i s c a r d e d  from t h e  sample.  T h i s  p l o t t i n g  of d a t a  
p o i n t s  was found t o  be a  v e r y  u s e f u l  method t o  f i n d  of t h e r e  was any 
meaningful  r e l a t i o n s h i p  between t h e  c a p a c i t y  and inves tment  c o s t  of a  
component. 
I n  g e n e r a l ,  the  d a t a  on s u r f a c e - w a t e r  p l a n t s  r e p r e s e n t e d  a  
l a r g e r  sample s i z e  and b e t t e r  l i n e a r  c l u s t e r i n g  t h a n  t h e  d a t a  on 
ground-water p l a n t s .  Thus t h e  former sample was c o n s i d e r e d  s u p e r i o r  
t o  t h e  l a t t e r  sample.  The r e s u l t  of t h e  a n a l y s i s  f o r  t h e  s u r f a c e -  
w a t e r  p l a n t  is  shown i n  Table  7 and t h e  r e s u l t  f o r  t h e  ground-water 
p l a n t  i n  Table  8 .  These t a b l e s  l i s t  o n l y  t h e  c o s t  i tems t h a t  had a t  
l e a s t  4  d a t a  p o i n t s  i n  t h e  sample.  S i n c e  t h e  ground-water  p l a n t  is 
g e n e r a l l y  s i m p l e r  i n  d e s i g n  than  t h e  s u r f a c e  wa te r  p l a n t ,  Table  8 
a c t u a l l y  covers  on ly  40% of t h e  c o s t  i tems inc luded  i n  Tab le  7 .  
The r e s u l t s  of t h e  a n a l y s i s  l i s t e d  i n  t h e s e  t a b l e s  a r e  parameters  
a and @ used i n  t h e  c o s t  f u n c t i o n  i n  E q .  ( I ) ,  sample s i z e ,  F r a t i o  and 
s i g n i f i c a n c e  of t h e  r e g r e s s i o n  a t  a  l e v e l  of 1%. The s i g n i f i c a n c e  
of  t h e  r e g r e s s i o n  means whether  we can a s s e r t  w i t h  a  p r o b a b i l i t y  of 99% 
t h a t  inves tment  c o s t  C depends on c a p a c i t y  K .  I f  "yes" i s  e n t e r e d  
i n  t h a t  column, parameters  a and @ r e p r e s e n t  meaningful  v a l u e s  t o  
d e s c r i b e  t h e  average  c o s t  f u n c t i o n  f o r  t h e  sample.  I f  "no" is e n t e r e d ,  
pa ramete r s  and B l i s t e d  a r e  n o t  meaningful .  C l e a r l y ,  many c o s t  
i t ems  of t h e  s u r f a c e - w a t e r  p l a n t  i n  Tab le  7  have s t a t i s t i c a l l y  
s i g n i f i c a n t  r e s u l t s  w h i l e  only  a  few c o s t  i tems of t h e  ground-water 
p l a n t  i n  Table  8 do s o .  
I f  a  c o s t  i t e m  i n  Table  7  or 8  has  "yes" e n t e r e d  i n  t h e  f i f t h  
column, a  r e a s o n a b l e  c o s t  f u n c t i o n  f o r  i t  may be fo rmula ted  by u s i n g  
i t s  v a l u e s  f o r  a and B.  For  example, bo th  t a b l e s  show s i g n i f i c a n t  
r e s u l t s  f o r  t h e  e n t i r e  p r o j e c t ,  g i v i n g  a = 337 and @ = 1.130 f o r  t h e  
s u r f a c e - w a t e r  p l a n t ,  and = 313 and = .958 f o r  t h e  ground w a t e r  
p l a n t .  Thus,  t h e  t o t a l  c o s t  f u n c t i o n  of t h e  s u r f a c e - w a t e r  p l a n t  w i t h  
c a p a c i t y  Ks MGD i s  g i v e n  by 
1.130 Cs = 337 Ks ( thousand  $) (9 )  
S i m i l a r l y ,  t h e  t o t a l  c o s t  f u n c t i o n  of t h e  ground-water p l a n t  w i t h  
c a p a c i t y  K MGD i s  g iven  by 
g 
( thousand $) (10) 
As was p r e v i o u s l y  d e s c r i b e d ,  bo th  c o s t s  i n  (9)  and  (10)  a r e  based  on 
1972 p r i c e s .  These  c o s t  f u n c t i o n s  a r e  g r a p h i c a l l y  shown i n  F i g u r e s  1 
and 2 ,  r e s p e c t i v e l y .  
One o f  t h e  u s e s  of  a n  i n v e s t m e n t  c o s t  f u n c t i o n  is  t o  make a  q u i c k  
e s t i m a t e  o f  t h e  c a p i t a l  c o s t  o f  a  p a r t i c u l a r  c o s t  i t e m .  T h i s  i s  i l l u s -  
t r a t e d  w i t h  E l e c t r i c a l  Work t h a t  h a s  a  s i g n i f i c a n t  r e s u l t  i n  r e g r e s s i o n  
a n a l y s i s  a s  i n d i c a t e d  by "yes" i n  t h e  f i f t h  column of  T a b l e  7.  Us ing  
= 1 6 . 8  and  B = 1 . 4 7 9  l i s t e d  f o r  t h e  i t e m ,  i t s  c o s t  f u n c t i o n ,  
r e p r e s e n t e d  by C  is f o r m u l a t e d  a s  f o l l o w s :  EiW;' 
1 .479  
'E.w. = 1 6 . 8  Ks ( t h o u s a n d  $) (11)  
where  K is  t h e  c a p a c i t y  of t h e  s u r f a c e - w a t e r  p l a n t  i n  MGD. I f  t h e  
S 
c a p a c i t y  is 1 5  MGD, t h e  i n v e s t m e n t  c o s t  o f  E l e c t r i c a l  Work o f  t h e  p l a n t  
is  e s t i m a t e d  a s  
= 922 .0  t housand  $ i n  1972 p r i c e s  
Compar isons  o f  t h e  r e s u l t  o f  t h i s  s t u d y  w i t h  t h o s e  of  t h e  p a s t  
s t u d i e s  have  o n l y  a  l i m i t e d  v a l u e  m a i n l y  because  of l a c k  of  i n f o r m a t i o n  
on t h e  c o n s t r u c t i o n  y e a r s  of  i n d i v i d u a l  p l a n t s  c o v e r e d  by most  p a s t  
s t u d i e s .  O r l o b  and L i n d o r f ' s  s t u d y  (1958) d i d  n o t  r e p o r t  t h e  y e a r s  of  
c o n s t r u c t i n g  t h e i r  p l a n t s .  T h i s  a l s o  a p p l i e s  t o  Ackermann ' s  s t u d y  (1968) .  
K o e n i g ' s  s t u d y  (1967) l i s t e d  t h e  y e a r  of  t h e  l a s t  ma jo r  a d d i t i o n  t o  
e a c h  p l a n t .  The y e a r s  o f  h i s  p l a n t s  i n  t h i s  d e f i n i t i o n  were  more o r  
l e s s  e v e n l y  s p r e a d  o v e r  t h e  27 -yea r  p e r i o d  from 1939 f o r  t h e  o l d e s t  t o  
1965 f o r  t h e  n e w e s t .  
O b s e r v i n g  t h e  c l o s e  s i m i l a r i t y  among t h e  c o s t  f u n c t i o n s  i n  (5) - 
( 7 ) ,  c a n  we assume t h a t  t h e  s amples  of p l a n t s  i n c l u d e d  i n  O r l o b  and 
L i n d o r f ' s  and  Ackermann ' s  s t u d i e s  had  age  d i s t r i b u t i o n s  v e r y  c l o s e  
t o  t h e  a g e  d i s t r i b u t i o n  o f  K o e n i g ' s  p l a n t s ?  When t h e  a g e  d i s t r i b u t i o n  
i s  a s  wide  a s  t h a t  o f  K o e n i g ' s  p l a n t s ,  we may e x p e c t  q u a l i t a t i v e  
d i f f e r e n c e s  among t h e  p l a n t s  owing t o  v a r i a b l e  d e g r e e s  o f  t e c h n o l o g i c a l  
improvement i n c o r p o r a t e d  i n  p l a n t  components  o r  o f  w a t e r  t r e a t m e n t  
r e q u i r e d  f o r  t h e  p l a n t s .  These  q u a l i t a t i v e  d i f f e r e n c e s  c a n n o t  be 
e l i m i n a t e d  by any  t y p e  o f  p r i c e  i n d e x ,  b e c a u s e  we a r e  e s s e n t i a l l y  
d e a l i n g  w i t h  d i f f e r e n t  t y p e s  o f  p l a n t s .  T h i s  is t h e  r e a s o n  why o u r  
s t u d y  u s e d  t h e  sample  of p l a n t s  m o s t l y  c o n s t r u c t e d  d u r i n g  t h e  s h o r t  
p e r i o d  of  1968-1971.  
I n  o u r  s t u d y ,  t h e  sample  of s u r f a c e - w a t e r  p l a n t s  was s t a t i s t i c a l l y  
much s u p e r i o r  t o  t h e  sample  of  g round-wa te r  p l a n t s .  F u r t h e r ,  o f  t h e  p a s t  
s t u d i e s ,  o n l y  Ackermann ' s  s t u d y  r e p o r t e d  a  c o s t  f u n c t i o n  f o r  t h e  g round-  
w a t e r  p l a n t .  Because  of  t h e s e  r e a s o n s ,  o n l y  t h e  r e s u l t s  r e l a t e d  t o  t h e  
s u r f a c e - w a  t e r  p l a n t s  a r e  compared.  The most  s t r i k i n g  d i f f e r e n c e  between 
o u r  r e s u l t  and  t h o s e  of t h e  p a r t  s t u d i e s  l i e s  i n  t h e  v a l u e  of  p a r a m e t e r  
@ a s  shown below: 
The p r e s e n t  s t u d y  1 . 1 3  
O r l a b  and  L i n d o r f ' s  s t u d y  0 .  67 
Koenig  ' s  s t u d y  0 . 6 8  
Ackermann ' s  s t u d y  0 . 6 5  
The v a l u e s  of  @ i n  a l l  p a s t  s t u d i e s  were  a r o u n d  0 .67  r e p r e s e n t i n g  
economies  of  s c a l e  i n  c a p i t a l  c o s t ,  w h i l e  t h a t  v a l u e  i n  o u r  s t u d y  was 
1 . 1 3 0  r e p r e s e n t i n g  s m a l l  b u t  p o s i t i v e  d i s economies  o f  s c a l e .  The l a t t e r  
r e s u l t  means t h a t ,  a s  f a r  a s  t h e  c a p i t a l  c o s t  i s  c o n c e r n e d ,  t h e r e  i s  
no s a v i n g  r e a l i z e d  by b u i l d i n g  a  l a r g e r  p l a n t  i n s t e a d  of a  s e t  o f  
s m a l l e r  p l a n t s  s a t i s f y i n g  t h e  same r e q u i r e m e n t s .  The o n l y  r a t i o n a l  
r e a s o n  f o r  b u i l d i n g  t h e  l a r g e r  p l a n t  must  be  i n  economies  of  s c a l e  
r e a l i z a b l e  i n  o p e r a t i n g  c o s t  t h a t  a r e  b i g  enough t o  compensa te  t h e  
d i s economies  i n  c a p i t a l  c o s t .  P e r h a p s  l a b o r  s a v i n g  d e v i c e s  i n c o r p o r a t e d  
i n  p l a n t s  b u i l t  i n  r e c e n t  y e a r s  r e q u i r e d  a n  i n c r e a s i n g  c a p i t a l  c o s t  
w i t h  a n  i n c r e a s e  i n  c a p a c i t y .  However, i n  a b s e n c e  o f  d a t a  on t h e  
o p e r a t i n g  c o s t s  of  r e c e n t l y  c o n s t r u c t e d  p l a n t s ,  we a r e  u n a b l e  t o  o f f e r  
a  more d e f i n i t e  e x p l a n a t i o n  t o  t h e  c o n s t r u c t i o n  o f  a  l a r g e  p l a n t  d e s p i t e  
t h e  d i s e c o n o m i e s  i n  c a p i t a l  c o s t .  
C o n c l u s i o n  
The d u a l  pu rpose  o f  t h i s  s t u d y  was (1)  t o  u p d a t e  t h e  i n v e s t m e n t  
c o s t  f u n c t i o n  o f  t h e  w a t e r  t r e a t m e n t  p l a n t  r e p o r t e d  i n  t h e  p a s t  s t u d i e s  
by s u c h  a u t h o r s  a s  O r l o b  and  L i n d o r f ,  Koen ig ,  and  Ackermann, and  (2 )  
t o  d e t e r m i n e  i n v e s t m e n t  c o s t  f u n c t i o n s  of  ma jo r  components  of t h e  p l a n t  
which  were  n o t  a v a i l a b l e  i n  t h e  p a s t  s t u d i e s .  F o r  t h i s  p u r p o s e ,  d e t a i l e d  
c o s t  e s t i m a t e s  of t h e  c o n s t r u c t i o n  of a  w a t e r  t r e a t m e n t  p l a n t  we re  c o l l e c t e d  
a n d  undergone  a  s e q u e n c e  o f  s c r e e n i n g  and  e d i t i n g  p r o c e s s e s .  T h i s  
produced  samples  of  1 5  s u r f a c e - w a t e r  p l a n t s  a n d  11 ground-wa te r  p l a n t s ,  
e a c h  of  which  was r e g r e s s i o n  a n a l y z e d  t o  d e t e r m i n e  p a r a m e t e r s  a and  B 
u s e d  i n  t h e  c o s t  f u n c t i o n  g i v e n  i n  ( 1 ) .  Most  of  t h e s e  p l a n t s  were  b u i l t  
d u r i n g  t h e  p e r i o d  of  1968-1971.  
I n  g e n e r a l ,  t h e  s e l e c t e d  sample  o f  s u r f a c e - w a t e r  p l a n t s  was 
c o n s i d e r e d  s u p e r i o r  t o  t h a t  sample  o f  g round-wa te r  p l a n t s  f o r  t h e  a n a l y s i s .  
A s  a  r e s u l t ,  t h e  former sample produced a  s i g n i f i c a n t  r e s u l t  of r e g r e s -  
s i o n  of inves tment  c o s t  on c a p a c i t y  f o r  many c o s t  i t e m s ,  whereas 
on ly  a  few i tems of t h e  ground-water p l a n t  produced such a  r e s u l t .  
The r e s u l t  of t h e  p r e s e n t  s t u d y  was compared w i t h  t h o s e  of t h e  
p a s t  s t u d i e s .  A s i g n i f i c a n t  d i f f e r e n c e  between t h e s e  s t u d i e s  was 
found i n  t h e  v a l u e  of B i n  t h e  inves tment  c o s t  f u n c t i o n  of t h e  s u r f a c e  
w a t e r  p l a n t .  T h i s  v a l u e  was 1.130 i n  t h e  p r e s e n t  s t u d y  w h i l e  it  was 
around 0 .67 i n  t h e  p a s t  s t u d i e s .  Pe rhaps ,  t h i s  d i f f e r e n c e  was 
c r e a t e d  by t h e  g e n e r a t i o n  gap of a t  l e a s t  1 5  y e a r s  i n  t h e  average  y e a r  
of c o n s t r u c t i o n  between the  p l a n t s  inc luded  i n t h e  p r e s e n t  s t u d y  and 
those  inc luded  i n  t h e  p a s t  s t u d i e s .  The v a l u e s  of B determined by 
t h e  p r e s e n t  s t u d y  r e p r e s e n t s  d iseconomies  of s c a l e  i n  inves tment  c o s t .  
With t h i s  c a p a c i t y  - c o s t  r e l a t i o n s h i p ,  t h e  r a t i o n a l  r eason  f o r  c o n s t r u c t i n g  
a  l a r g e r  p l a n t  i n s t e a d  of a  s e t  of s m a l l e r  ones s a t i s f y i n g  t h e  same 
requ i rements  seemed t o  be t h a t  s a v i n g s  r e a l i z e d  i n  o p e r a t i n g  c o s t  by t h e  
l a r g e r  p l a n t  were b i g  enough t o  o f f s e t  t h e  diseconomics i n  c a p i t a l  c o s t .  
However, i n  absence of d a t a  on o p e r a t i n g  c o s t  by r e c e n t l y ,  b u i l t  p l a n t s ,  
it was n o t  p o s s i b l e  t o  determine t h e  v a l i d i t y  of t h e  above s t a t e m e n t .  
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4, HAW WATER I N T A K E  AND P U N P I h G  S T A T I O N  - I 158979 - - 327783 50150 - c 
5, C F N W I  C B N D I T I D I N S  I r r 83671 - - - 9 - - - I 
GENERAL I T E M S  
- 
B F F I C E  AND P L A N T  B U I L D I N G S  - 1992915 - 323242 - 3373467 - 1220268 - 2033224 - 956176 
B U T S I D F  W 0 R K  AND W P I N L  - 1-11n~h - - - - - 67796 - - - - 
E L E C T R I C A L  CDHK . - 880600 - 70011 - 69778 - 119695 - 5395b8 - 535330 
H E A T I N G ,  V E N T I L A T I D N ,  AND P L U M B I N G  r M H K  - 237795 - 50805 - 2158'1 - 25269 - 230215 - 315423 
PIPING? V A I  VES. AM GATI-s -- Y N S T ~ F  - - - 5 n 
P I P I N G ,  VALVES,  AND G 4 T t S - - O U T S I D E  - 'I - 88758 - 219923 - 066542 - - - - 
S P t C I F I C  I T E M S  
TABLE 3 - 0 .  INVESTHENT COSTS OF WATER TREATMENT PLANTS--SURFACE WATER 
PI ANT NUMBFR $ 1 3  S 1 4  S 1 5  3 1 6  5 1 7  S I R  
PLANT L B C L T I O N  N e t *  NIL. NaC. N A. S v L q  S.Am 
YEAR BF CONSTRUCTI0N 1 9 6 8  1 9 7 0  1 9 7 0  1966 1 9 6 5  1 9 7 0  
DESIGN CAPACITY 12.0 MGD '4.5 MGD 2 0 0 9 0  MGO 24.0 MGO l0,O MGD 10.0 HGD 
NEW PLANT 0 P  IMPRBVEMENT NEW NEW IMPR0VEe IMPRBVt .  NEW NEW 
.................................................................................................................................... 
CBST I T E V  S I Z E  CBST S I Z E  C0ST S I Z E  C@ST S I Z E  CBST S I Z E  CBST S I Z E  C0ST 
(MGD) ( S l  [MGD) S (HGD) [ S l  [MGDI $ 1  CMGD] 1Sl (MGD) [ s l  
-I---------g------------------------------------L-------------------------v----------------------------------------------------w---- 
[ S P E C I F I C  ITEMS--CBNTINUEOI 
M I X I N G  AND FLBCCULATIaN - 2 9 3 4 8 1  . - - 5 0 2 9 9 1  - 1 1 9 0 1 3  - 1 3 0 9 4 4  - 2 8 4 3 9 4  
T l B N  AN0 F ~ U J R L r i A T I B N  3 c L - L - - - 9 79893 - 137117 
SOFTENING--STRUCTURE - - w w r L - - - - - - 
SBFTENING--EQUIPMENT L c c w - w c - - - - c 
SFDIMFNTATIBN - - TGlTbl I L *I - m w u - - - 3 - .I 
STRUCTURE - I w 5 0 2 9 8  - - - 1 3 1 0 6 4 0  - 1 3 1 9 0 8  - 8 2 2 7 8 4  
EQUIPMENT - 9 r 5 6 0 1 4  * 1 2 6 9 0 5  a - - . - 3 
E * 1 7 1 4 7 7  (I ! 6 4 4 ?  n - - - . 27899 - ?5n25 
CHEMICAL FEEDER, HBIS1,AND COkVEYBR r 4 2 3 3 1 4  e I - 7 8 2 7  3 7 m 1 0 4 8 8 1  - 8 1 3 0 9  
F I L T R A T I B N - - T O T A L ¶  3 . L c v - - D - - - F 
STRUCTURE - 3 w c w - ?nLT'?U - (11118 - 0 3 7 9 7  
EQUIPMENT - 6 2 5 1 9 2  - - - - r 1 5 5 8 1 1  - 1 0 9 8 9 0  - 2 5 4 2 7 2  
H I G H  S F R v I C F  PUMP1 N G r - B U I I  DING b - w rn 9 7 I c - - e 
H I G H  SERVICE PUf lPINGr-EQUIPMENT - 1 8 8 2 3 5  - 3 2 1 1 9  - - L 24.0 7 7 4 1 9  1 1 7 7 7 2  
BACKHASH CND OTHER PUMPING--BLOC. - - q e I - - - - w 1 1 9 0 5 3 7  
SLUDGE TREATMENT - 3 - 'C - - - - - - q - 
RAW WATER PUMPING STATIBN- -BUILDING - II ., 1 2 1 5 0 6  - m - - - - - - 
R M  WATER PUMPING S T A T l B N  -- FIJbIPMFNT w I - 3 7 4 7 3  . - - - 27;n l n 9 h 7  - - 
RAW WATER I N T A K t  AND SCREkNS c - - - w - - 3 2 7 7 8 3  - - - - 
---------------------w----------------------------------------------------------------------------------------------w------------ 
T~k3l.E 4 r A, I N V E S T M C N T  CRSTS UP WATER TREATMENT P L A Y T S - - S U R F A C E  WATER 
P L A N T  L B C A T I O Y  
YEAH UF C U N S T R U C T I B N  
D E S I G N  C A P A C I T Y  4.0 MGD 
NEH P L A N T  DR IMPRUVEMLNT I M P R L V E .  
- - - - 1 - - - - - - . . - - - - - - - - - - - I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
CBST I T E M  S I Z E  CBST S I Z E  C 0 S T  S I Z E  CBST S I Z E  CBST S I Z E  COST S I Z E  C 0 S T  
( M G D I  [$I ( M G U I  t s )  [MGDI  ($1 ( M G D I  (1) ( M b D l  ( $ 1  ( M G D I  (I) 
-..---------11-1--0--.-----------------------------------------------------------------------------------*----------.-------.-----.- 
A "  S I T E  P R t P A R A T I U N  AND k 3 U T S I D t  WBWk - 6 8 2 8 6  
6, B U I L D I N G  AND STRUCTURE w 1 9 9 0 4 8  
I 
0, E Q U I P M E N T  - 2 8 1 6 2 2  N .P
El U T I L I T Y  HURK - 1 6 0 7 0 4  
2,  U F A R W F I  I S T B R U E  I N  MGI - I 
3, STANDBY P U W E R  - - 
4. RAM R A T E R  I N T A K E  AND P U M P I N G  S T A T I @ N  - 3 9 5 2 1  
G E N k R A L  I T E M S  
B P P I C t  AND P L A N T  B u ~ L D I N G S  - 1 9 9 0 4 1  
E L E C T R I C A L  WnRk - 1 3 3 9 2 0  
H E A T I N G ,  V E k T I L A T I B N ,  AND P L U M B I N G  WURk - 2 6 1 8 4  
P I P I N G .  v d l _ v F S .  AND GATFS - - TNSTI)F - >la;!? 
P I P I N G ,  VPLVESI AND G A T t S - - B U T S I U E  - I 
S P E C I F I C  I T E M S  
AERATORS - 
------------------------.-. - - . - - - - - - - - - - - - - I - - - - - - - - - . - - - - - - - . - . .  --- - -I 
TABLE 4 - 8 ,  INVESTHCNT CBSTS IF WATER TREATMENT PLANTS--SURFACE WATER 
P I  ANT NUMBFR S 1 9  
PLANT LUCATIBN N.C. 
YEAR B F  CBNSTRUCTIBN 1 9 6 8  
DESIGN CAPACITY 4.0 MGD 
NEW PLANT BR IMPROVEMENT IMPRBVE, 
I----------------------------C-------1-------.--------------------------w--------------------------------------------.------------ 
CYST I T E V  S I Z E  C0ST S I Z E  C I S 1  S I Z E  CBST S I Z E  CBST S I Z E  CPST S I Z E  CEST 
[MGD) ( 5 )  (MGDI (01  !MGDI [SI (MGO) ~ S I  (MGD)  t s )  (MGDI (81 
-11--.--------------------------I------------C---------w--------w--------v-------------w---------------------------------------------- 
( S P E C I F I C  ITEMS--CBNTINUEDl  
M I X I N G  AND FLBCCULATIBN r 7 2 8 5 1  
D W F F C T I B N  AND F!B- w 1 ZZZ3 
I 
STRUCTURE - 9 N C" 
EQUIPMENT - I 
C H F H  
CHEMICAL FEEDER, HOISTIAND CBNVEYBR 3 4 7 9 9 9  
F I L T R A T I B N - - T B T A L I  c * 
EQUIPMENT w 2 0 1 0 9  
WASH WATER TANK c - 
H I G H  SERVICE PUMPING--0UILDXMG - * 
H I G H  SERVICE PUMPING--EQUIPMENT r 34117 
BACKHASH AND BTHER PUMPING--BLOC, 1 - 
R A W  AND BTHFR PUMPING - - F O U I P .  m I 
SLUDGE TREATMENT - c 
RAW WATER PUMPING STATIPN- -BUILDING - I 
RAW WATFH P W I N G  STATION -- FOLIIPMFNT - 17687 
RAW WATER INTAKE AND SCREENS r 2 1 8 7 4  
.................................................................................................................................... 

TABLE 5 - 8. INVESTMENT C0STY BF WATER TREATMENT PLANTS--GRBUNO hATER 
P I  ANT NUMBFQ GO1 GO> Gn3 GO0 
PLANT L l C A T I f a N  M.C. NIC. q,c. N.C. NmC* N.C. 
YEAR 0 F  CBNSTRUCTIBN 1970  1963  1 9 6 9  1971 197 l 1972  
DESIGN CAPACITY 6 . 0  MGD 3.0 ~ G D  0.3 MGD O i 4  MGD 2 .1  MGO 3 @ 7  ME0 
YEW PLANT 0R IMPRBVEMENT IMPRBVE, NEW NEW IMPROVE, NEN NEW 
11---------.11---------------------------------.----------------1------------------------------------------------------------------- 
C09T I T E M  S I Z E  C0ST S I Z E  CBST S I Z E  COST S I Z E  C0ST S I Z E  C0ST S I Z E  C0ST 
(MGD) ( S )  (WGD) ( % I  [UGD) ( 5 1  (MGDI ( 3 1  (MGD) ( 5 )  [tIGD) ( 0 )  
H I X I N 6  AND FLMCCULATIBN - - - 0 r L - w 0 0 0 c 
F F C T W  AN0 0 0 0 1 n 7 9 4  w 0 c - - R 0 0 
SBFTENING--STRUCTURE 7 . - 57945  I 7 L F I 0 0 c 
- 
SBFTENING--EQUIPMENT c 'I - 44281 - 3 a - - w - - 
S F D I M F N T A T I l N  0 TGlTALI T . r) c . 0 0 a c I 0 
I 
STRUCTURE - c 0 - r w - 0 r w c N 4
EQUIPMENT - - c r r - 0 w - I c 
C W A L  STBRAGE 0 r II r a 1 2 9 7 1  a9 - a 0 0 
CHEMICAL FEEDER, H@IST,AND CBNVEY@R c I, r 31349  I, - c c c v . w 
H I G H  SERVICF PUMPING--BUILDING w - r r I .) w - r 0 e 
H 1 6 H  SERVICE PUMPINGr-EQUIPMENT r 21894  - 2 9 3 4 9  7 2686  - R - 21916  
BACKWASH AND BTWER PUMPING--BCDG, - - - - - - r - - - o) 
BACKWASH AND KITHFR PUkPING -0 F O U I P ,  0 b 0 3 3  r T r w I r I I - - 
SLUDGE TREATMENT w w I - w - c w - c 
RAW WATER PUMPING S T A T I B N - - B U I L D I N G  0 .I L) 1 0 3 0 r) - . 0 c 
RAW WATFR PUMPING S T A T I B N  - 0  EQUIPMFNT - 14b68 F 1 1 1 9 1  0 - w - - c - - 
RAW WATLR INTAKE AkD SCREENS r . 13905 II 0 - - - - 9 - 
----------------I----"------------------------------------------------------------------------------.-------------------------.----- 
7 A H L t  b - A. INVtSTMENT CBSTS bF WATER TREATMENT PLANTS--GRBUNO WATEH 
P I  ANT NUMBFR G O 7  GOB LO9 GlO G I 1  G 1 2  
PLANT L B C A T I B N  N.C, k,C. NpC. N.C. h.C. N. C. 
YEAR BF CBNSTHUCTI0N 1971 1969 1969 1971 1971 1971 
DESIGN CAPACITY 2.6 MGD 1.5 MGO SeO MGD 0.5 YGO 0,2 MGD l e 9  MGD 
NEW PLANT 0R IMPRlVEMENT NEN NEW NEW NEW NEW NEW 
------------------------------------------------------------------------------.----------------------------------------------------- 
CaST I T E M  S I Z E  CBST S I Z E  CBST S I Z E  CDST S I Z E  CBST S I Z E  C@ST S I Z E  CEST 
[MGDJ ( O I  (FGDI  [ t l  (MGD) ($1  (MGD) ( O l  (MGD) [ $ I  (MGDI ($1 
- - . - - - - - - - - . I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - v - - - . - - - - - - . -  
SUMMARY TBTALS 
PRBJECT T0TAL:  - 1201526 - 899469 - 1764337 - 78861 - 303986 - 316157 
1. P I  ANT TBTAL: - 8 1 8 1 0  - 4fl909 0 7 8 8 b l  3 2?5579 - nb08a 
A. S I T E  PREPARATIBN AND OUTSIDE WBHK - 180862 20305 - 15495 - 19903 - 18553 - 27501 
8. b U I L D I N G  AND STRUCTURE - 108938 - 447915 - 528467 - - - 145646 - 74057 
C r  P I P I N G *  V A L V F S !  AND GATFS 0 0 43895 I n2nso  - 515 - 62049 
I N 
D, EQUIPMENT - 262910 - 140446 - 511017 - - - 35865 - 106095 qD 
E n  U T I L I T Y  WORK - 222100 - 98348 - 111185 r 31808 - - r 36782 
3,  STANDBY P0HER - - r 25593 - 9 - c - 4852 r z 
4, RAW WATER I N T A K E  AND PUMPIblG S T A T I B N  - 73820 r 9002 24867 0 - 0 - 0 0 
GENERAL ITEM$ 
O F F I C E  AND PLANT B U I L D I N G S  r 108938 - 205563 - 365364 - - - 145646 - 74057 
I ~ T .  - u?nb - 1 7 1 r x ~  - 961 $ - - w - - hi T A  
ELECTRICAL h0UK 9 130010 - 98348 I 80862 28169 - r 33965 
HEATING, VENTILATIBN,  AND PLUWBING WQRK - 92090 - - 50323 - 3639 - - - 28 17 
P I P I N G I  VALVES, AND GAIES--MUTSIOE L c 0 r 62329 - - - 0 23953 
S P E C I F I C  ITEMS 
PLANT NUMBFR GO7 GOB GO9 G I 0  G I 1  GI P 
PLANT L I C A T I B N  k.Cq NmC, NnC. N v C r  N,C, N.C. 
YEAR OF CINSTHUCTIQN 1971 1969 1969 1971 1971 1971 
DESIGN CAPACITY 2.6 HGD 1 r S  MGD 510 YGD 0.5 MGD 0.2 MGO 1.9 MGO 
NEW PLANT 0R IMPRBVEMENT NEW NEW NEN NEW NtW NEW 
w--I---------------------------w---------------------------------------------------------------------------------------------------- 
C0ST I T E H  S I Z E  C l S T  S I Z E  CBST S I Z E  C0ST S I Z E  COST S I Z E  COST S I Z E  C0ST 
[kGD) I S )  (MGD) ( 5 1  [MGDI ( 5 1  (RGD) ( 8 1  [MGD) ( $ 1  (MGOI ( s )  
---w-----------------------w-----------------------------------------w-----------------------w-------------------------------------- 
( S P E C I F I C  ITEMS--CBNTINUEDI 
M I X I N G  AND FLBCCULATIBN - u L - * 131005 3 - 0 w - - 
DI-TIBN Ah0 F I  a- 9 - .I 5938 L lIb66 - c - - c - 
SBFTENI&Gr-STRUCTURE - - - c - - - .) - - - c 
SBFTENING--EQUIPMENT 1 33580 - 11702 c w - . 9 .I * 49014 
SFDIMENTATIBN - - TBTAl : q I w - c - .I c L w 0 a 
I 
STRUCTURE N u 9 53264 * 41322 I r w 31 r c w 
EQUIPMENT 17581 . - - c c 0 0 c m u 
C H F n l C I L  9 2 7 3  
CHEMICAL FEEDER, 6BISTIAND CBNVEYBR - 71820 • 16244 * 61348 L .) r 11364 q 3476 
F I L T R A T I B N - - 1 B T A L 8  . L a - - r - w - c I - 
STRUCTURF 9 I w 110781 - r - - - r 9 I 
EQUIPMENT - 96021 r 69926 - 189128 - - - 13826 3 664 1 
n Icn SERVICF PUMPING--BUIIDING - .1 - 24x76 w - - v - . - r 
~ I G H  SERVICE PUMPING--EOUIPHENT r 21508 * 14410 29932 m r 3 10675 19884 
BACKWASH AN0 WTHEH PUMPING--BLDG, c - . w w . - - .I - - 0 
BU;I(WASH AND OTHFR PUMPING --F QUIP;  .1 L 3265 I 19172 - 0 c I - 0 
SLUDGE TRkATMkkT CI - - - - 4975 - - - - - CI 
RAW WATER PUMPING STATIUN- -BUILDING - 13494 3 9002 - 7874 - - - - - - 
RAW WATLR INTAKE AND SCHEFhS - 39032 Q 1 0 11665 - - - - - r 
w---------------------------I---I----------------------------------------------------------------------------------------------------- 
Table 7. Resu l t s  of Regress ion Ana lys i s  t o  Determine Investment 
Cost Function of Surface-Water Treatment P l a n t ,  C = cY K B 
(C in  $1,000 and I< i n  MGD) 
Cost  Item 
Surface-Water Treatment P lan t  
S ign i f i cance  
Parameter Parameter Sample F of Regress ion 
w B S i z e  R a t i o  a t  1% Level 
Summary T o t a l s  
P r o j e c t  To ta l :  
P l a n t  To ta l :  
I 
i 
337.1 1.130 14 62.8 Yes i 
316.2 1.106 14 47 .6  Yes I 
a .  S i t e  P repa ra t ion  & Outs ide  Work 25.3 1.315 13  14.7 Yes 
b.  Bui ld ing & S t r u c t u r e  84.6  1.258 14 30.0 Yes 
c .  P ip ing ,  Valves ,  & Gates 38.8 1.337 13 59.1 Yes 
d .  Equipment 
e .  U t i l i t y  Work 
Standby Power 
Raw Water In t ake  & Pumping S t a t i o n  
General  Condi t ions  
General  I tems 
Of f i ce  & P l a n t  Bui ld ings  
Outside Work & Landscaping 
E l e c t r i c a l  Work 
Heat ing,  V e n t i l a t i o n ,  & Plumbing Work 
P ip ing ,  Valves ,  and Gates --  I n s i d e  
P ip ing ,  Valves ,  and Gates  --  Outs ide  
S p e c i f i c  Items 
Metering and Ins t rumen ta t ion  
Mixing & Floccu la t ion  
D i s i n f e c t i o n  and F l o u r i n a t i o n  
Sedimentation --  S t r u c t u r e  
Sedimenta t ion --  Equipment 
Chemical S to rage  
Chemical Feeder ,  H o i s t ,  & Conveyor 
F i l t r a t i o n  S t r u c t u r e  
F i l t r a t i o n  Equipment 
High Se rv ice  Pumping --  Equipment 
Back Wash Pumping --  Equipment 
Raw Water Pumping --  Building 
Raw Water Pumping - -  Equipment 
I?",. 1. lot-r  T n e l b o  I;. S o r o o n a  
77.3 1 .021 14 33.4 Yes 
29.9 1.383 11 48.2 Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
N 0 
N 0 
Yes 
N 0 
Yes 
No 
Yes 
Yes 
No 
N 0 
No 
N n 
Table  8 .  R e s u l t s  of Regress ion Ana lys i s  t o  Determine Investment 
Cost  Funct ion  of Ground-Water Treatment P l a n t ,  C = CY K@ 
(C i n  $1,000 and K i n  MGD) 
I 
- 
Ground-Water Treatment P l a n t  
S i g n i f i c a n c e  
Cos t  I tem Parameter Parameter  Sample F  of Regress ion 
CY B S i z e  R a t i o  a t  1% Level 
Summary T o t a l s  
P r o j e c t  T o t a l :  958 10 22.0 Yes 
P l a n t  T o t a l :  249.5 .786 11 9.2 Yes 
a .  S i t e  P r e p a r a t i o n  & Outs ide  Work 29.9 .347 8 .8 No 
b. Bui ld ing & S t r u c t u r e  110.1 .3  29 11 1 .6  No 
c .  P i p i n g ,  Valves ,  & Gates  51.3 .746 10 19.2  Yes 
d .  Equipment 111.5 .836 10 29.3 Yes 
e .  U t i l i t y  Work 48.0 .417 9  2 .0  No 
Standby Power - 
Raw Water In t ake  & Pumping S t a t i o n  20.1 .159 5  . O  N o  
Genera l  Condi t ions  
Genera l  I tems 
O f f i c e  & P l a n t  Bui ld ings  
Outs ide  Work & Landscaping 
E l e c t r i c a l  Work 
Heat ing ,  V e n t i l a t i o n ,  & Plumbing Work 10.5  1.154 5  5.9 No 
P i p i n g ,  Valves ,  and Gates --  I n s i d e  54.2 .485 8  3.8 No 
P i p i n g ,  Valves ,  and Gates  -- Outs ide  1 8 . 1  .243 7  1.1 No 
S p e c i f i c  I tems 
Metering and Ins t rumen ta t ion  
Mixing & F l o c c u l a t i o n  
D i s i n f e c t i o n  and F l o u r i n a t i o n  
Sedimenta t ion  --  S t r u c t u r e  
Sedimenta t ion  --  Equipment 
Chemical S to rage  
Chemical Feeder ,  H o i s t ,  & Conveyor 
F i l t r a t i o n  S t r u c t u r e  
F i l t r a t i o n  Equipment 
High S e r v i c e  Pumping -- Equipment 
Back Wash Pumping -- Equipment 
No 
No 
Yes 
Raw Water Pumping --  Build ing 
Raw Water Pumping --  Equipment 
Raw Water In t ake  & Screens  
IIVVESTQIEIVT COST, C, I N  THOUSANDS OF DOLLARS 
INVESTMENT COST, C, I N  THOUSANDS O F  DOLLARS 
--I 
0 
